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INTRODUCTION 
In waterlogged (hypoxic)  soils  a combination  of 
altered  host  physiology  and  increased  zoospore 
motility  is  thought  to  pre-dispose  roots  of 
E.  marginata  to  infection  by  P.  cinnamomi  (1). 
However, we have found that roots of E.  marginata are 
less  susceptible  to  infection  after 6  days  of hypoxia 
(2).  In the present study,  the  effect of 2-29  days  of 
hypoxia  was  examined  on  the  susceptibility  of 
E.  marginata roots to  infection by P.  cinnamomi. 
MATERIALS  AND  METHODS 
Seven-month  old  clones  of  E.  marginata  were 
grown in aeroponic  chambers  that  could be  sealed  to 
allow the manipulation  of oxygen  levels  (2).  Roots 
grown under normal oxygen were compared with  those 
that had been exposed to  hypoxia  (2  mg 02 1-1)  for 2, 
5,  II or 29  days before restoration  of normal oxygen 
conditions.  Roots  were inoculated with zoospores  of 
P.  cinnamomi  immediately  or  3  days  after  each 
hypoxic  treatment.  Infected  roots  were  harvested  3 
days  after  inoculation.  Non-inoculated  roots  were 
harvested  immediately,  3  and  6  after  the  hypoxic 
treatments.  Roots were marked with a vital stain 2 cm 
above  the root  tip  before  the  commencement  of the 
hypoxic treatments  and re-marked before inoculation. 
Root  extension  and  lesion  development  were 
determined and root tips examined histologically. 
RESULTS  AND  DISCUSSION 
Root extension was reduced during  all  the hypoxic 
treatments (time 0 on Figure la) compared with that of 
roots  grown  in  air.  Six  days  later,  under  normal 
oxygen conditions,  root extension  returned to  normal 
for roots  previously  exposed  to  5  days  of hypoxia, 
whilst it was half normal for those exposed to  11  or 29 
days of hypoxia.  In contrast, roots  exposed to  2 days 
of hypoxia ceased to grow. 
Longitudinal  sections  of root  tips  indicated  that 
the apical meristem was reduced after 5 days or more of 
hypoxia.  Those  exposed  to  2  days  of  hypoxia 
appeared  normal  immediately  after  treatment,  but  3 
days later the cells of apical meristem  had died and the 
roots had a clubbed appearance.  A proportion of these 
clubbed roots recovered after day 6. 
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Figure  2.  Correlation  between  lesion  development 
and root extension at the time of infection (r2=0.78). 
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Lesion  development  was  reduced  significantly  in 
roots  inoculated  immediately  after  hypoxia  (Figure 
Ib).  Lesions in roots  inoculated 3 days  after hypoxia 
and  measured  on  day  6  were  still  smaller  than  the 
controls  except  on  roots  that  had  previously  been 
exposed to 5 days of hypoxia.  Clubbed roots  did not 
become infected. 
The percentage of infection  and the  rate of lesion 
extension  after hypoxia  appears  to  depend  upon  the 
state of the apical region of the root.  Hypoxia  reduces 
the rate of root extension  and  the  size  of the  apical 
meristem.  As root extension returns to normal,  lesion 
development also  returns to  normal.  Thus the  rate of 
lesion  development  is  related  to  the  rate  of  root 
extension at the time of inoculation (Figure 2). 
The smaller lesions  observed  in  roots  with  slow 
rates  of root extension  may be simply  a consequence 
of a reduction in  the infection  court or a combination 
of this  with  increased  phenolic  deposition  in  the 
apical  region. 
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Figure  1.  (a)  Root  extension  of uninfected  roots 
during (0) and 6 days after  (0) hypoxia.  (b)  lesion 
development in roots inoculated immediately (0 ) and 
3 (0) days after  0-29  days of hypoxia.  Lesions  were 
measured 3 days after inoculation. 
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